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Description 

Domaine de i'lnvention 

[0001 ] La presente invention a trait a un nouveau pro- 
cede c!e dosage d'une substance immunologique choi- 
sie parmi I'ensembie constitue par les antigenes et Ees 
anticorps. ledit precede" mettant en oeuvre des particu- 
les de latex magnetiques servant de "support* a la reac- 
tion immunologique 

antigene + anticorps antigene-anticorps 

et des particules non-magnetiques servant de "mar- 
queur* dans ladite reaction. 

(0002] Eile concerns egalement, en tant que produits 
industriels nouveaux. tee trousses ou nexessaires de 
dosage comprenant lesdites particules magnetiques et 
nonrmagnetiques sensibilis^es avec des composants 
(ou substances) immunologiques. 

Art antetieur 

[0003] Historiquement, on sait que des techniques de 
dosage reposant sur Pagglutination macroscopique (i.e. 
agglutination visible a i'oeii nu) de particules de latex 
sensibilisees par un antigene (ou respectivement un an- 
ticorps) par mise en contact avec un conjugue* anticorps 
(ou respectivement antigene) ont ete presentees pour 
la premiere fois dans Particle de J.M. SINGER, Ameri- 
can Journal of Medecine, 31, pages 766-779, (1961). 
[0004] Ces techniques de dosage ont e"t6 ame*liorees. 
en ce qui conceme la sensibility et la duree de reaction, 
en remplacant la detection a Pechelle macroscopique 
de Taggiutination. par une detection a I'echelle micros- 
copique de la reaction d'agglutination antigene/anti- 
corps au moyen d'une variation de Hntensite lumineuse 
transmise ou diffractee (i.e. diffused). Ainsi ont ate pro- 
poses des dosages quantitatifs ou qualrtatrfs par turbi- 
dime'trie ou par ndphdiorndtrie. 
[0005] Dans !e domaine de la turbidim&rie (par me- 
sure de fabsorbance de la iumtere), on connaft des ar- 
ticles de A.M. BERNARD et ai., Clin. Chem., 27 (No. 6), 
pages 832-837, (1981) et de AM BERNARD et R.R. 
LAUWERYS, Clin. Chem. Acta 119, pages 335-339, 
(1982), Putiiisation de particules submicroniques de la- 
tex (diametre moyen : 0,79 micrometre) revetues d'an- 
ticorps anti (P 2 -microglobuline) par mesure de I'absor- 
bance a 360 nm ; de Particle de Y. MAYNARD et al., Clin. 
Chem., 32 (No. 5), pages 752-757, (1986). f'utiftsatton 
d'anticorps monoclonaux ou polyclonaux antHgG pour 
le dosage, dans les microcuvettes, d'imrnunoglobulines 
seViques. 

[0006] Dans le domaine de la nephelometric (par me- 
sure de la diffusion de la lumiere) on connait de I'article 
de J. GRANGE et al., Journal of Immunological 
Methods, J8. pages 365-375. (1977) Putilisation de 



billes de latex submicroniques (diametre moyen 0 3 
micrometre) revenues d'un anticorps. anti-igG de lapin. 
pour le dosage d'lgG de lapin. Les billes de latex sont 
ici constitutes par du polystyrene carboxyle contenani 
5 les groupes COOH pour fixer le ligand ou composant 
immunologique, dans le cas d'espece i'anticorps anti- 
igG de lapin. Cet article signate notamment que "la pre- 
paration de spheres de latex contenant des antigenes 
ou des anticorps adsorbes est difficile a standardiser en 
io raison de leur tendance a s'auto-agglutiner lorsque ie 
pH et la force ionique du milieu de dosage changenf 
[0007] On connait egalement de ('article d' Anne-Ma- 
rie BONNEFOY et al., C.R. Acad. Sc. Paris, 233. sene 
D. pages 1 1 5- 1 1 8 (5 juillet 1 976) Putiiisation de spheres 
is de latex (polystyrene) d'un diametre de 300 nm liees par 
covalence a un anticorps pour la realisation de dosages 
neph6lomatriques (lecture sous une longueur d'onde de 
550 nm, selon un angle observation de 90'). 
[0008] En bref, les mdthodes turbidimdtriques et ne- 
20 ph6lome"triquea, qui sont utiiisables pour des concen- 
trations de substance immunologique superieures a 0.1 
mg/ml (m6thodes turbidimdtriques) ou supdrieures a 
0.02 mg/ml (mdthodes ndphdlom^triques), requierent 
un materiel tres 'specialisd' et un traitement prealable 
2S des echantillons. Elies sont limitees par plusieurs incon- 
ve"nients a savoir : 

- difftcultes a raaliser des suspensions stables et 
standardises, 

30 - auto-agglutination spontanee des latex sensibilises 
par un anticorps ou un antigene, 
faible plage de mesure de la courbe d'Stalonnage 
(variation de la density optique (OD) n'exc^dant pas 
0.3 a 0.4), 

3S . manque de sensibility et de reproducibility, 

• traitement du reactif particulaire avant emploi dans 
certains cas (pour ddsagregation), et mauvaise sta- 
bility du reactif. 

• mise en oeuvre dedicate et detection parfois com- 
40 plexe. 

Ces inconvenients ont fait que ces mythodes n'ont pas 

ete" explores malgrd leur int£rdt pratique. 

[0009] On connait par ailleu rs de US-A-5 175 112 (J. 

<5 AMIRAL et ai.) un proceed de dosage turbidimethque 
ou nyphytomytrique par agglutination d'un reactif cons- 
titue par des particules de latex submicroniques sensi- 
bilisees par un anticorps (ou respectivement un antige- 
ne) en presence de Pantigene correspondant a tester, 

so ce procedd permettant d'ameliorer la sensibility (seuil 
de sensibility de I'ordre de 100 ng/mi par turbidimetrie. 
et de I'ordre de 1 0 ng/ml par nyphy tomytrie) par un choix 
particuiierde la nature du latex, de la granulomere des 
particules dudrt latex, du mode de stabilisation desdites 

ss particules, de la force ionique et du pH du milieu reac- 
tionnel liquids. . 

[001 0] Par ailleurs, on connait des trousses ou neces- 
saires de dosage comprenant des particules de latex 
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magnetiques et plus pafticulierement des particules de 
latex paramagnetiques (les fabricants de particules de 
latex les appellent notamment des particules de latex 
•superparamagnStiques"). II se trouve que les protoco- 
ls de dosage fournis avec ces trousses (notamment 
celui des trousses ccmmercialisees par les societes di- 
tes AMERSHAM et CIBA-CORNING) mettent en oeuvre 
un procede different de ceiui de I'invention, en ce sens 
que lesdites particules de latex magnetiques sensibili- 
sees par un materiau immunologique interviennent prin- 
cjpalement pour remplacer, dans une methode El A ("en- 
zymoimmunoassay") ou RIA ('radioimmunoassay"), 
une operation de filtration du centrif ugation. En particu- 
lier les protocoies de dosage des trousses connues con- 
tenant des particules de latex magnetiques (i) ne con- 
cernent pas ie domaine de I'agglutination, et (ni) ne de- 
crivent ni ne suggerent en particulier ie procede prefe>e* 
salon I'invention dit de dosage "en retour* direct ou en 
un seui temps (c'est-a-dire en operant dans ie mdme 
milieu et Ie mdme recipient de reaction, sans rincage ni 
apport supplemental de reactif ou diluant), d'une part, 
ni Ie dosage "direct" (inverse du dosage dit en "retour") 
par inhibition competitive en un seui temps, d'autre part. 
[0011] Par ailleurs, on connaJt de US-A-4 115 535 (I. 
GIAEVER), JP-A-5 180 842 (NIPPON PAINT Co. Ltd.) 
[resume dans DATABASE WPI de DERWENT, No. 
93-267053 et publie Ie 23.07.1993] et de WO-A- 
8606493 (LABSYSTEMS OY) une technique de dosa- 
ge/identification selon laquelie on fait 

(1 ) reagir (a) des particules sensibilisees par Ie me- 
me antigene, ces particules 6tant les unes magne- 
tiques les autres non -magnetiques et colorees, 
avec (b) un echantillon susceptible de contenir un 
anticorps specifique dudit antigene, et 

(2) appliquer un champ magnetique pour observer 
dans la portion non-agglutineedu milieu reactionnel 
liquide, une diminution de (a density optique tradui- 
sant la presence dudit anticorps dans ledit echan- 
tillon. 

[001 2] Selon Ie resume de JP-A-5 1 80 842 prdcttd, on 
peut egalement faire reagir (a) des particules magneti- 
ques et non -magnetiques sensibilisees par Ie meme an- 
ticorps avec (b) un Echantillon susceptible de contenir 
I'antigene correspondent 

[0013] Cette technique de competition/agglutination 
prdsente cependant I'in convenient de ne pas etre suffi- 
samment sensible par rapport aux mdthodes El A et RIA 
connues. 

[0014] On connaft enfin de EP-A-0 41 0 893 (MITSU- 
BISHI KASEI) une technique de dosage (ou identifica- 
tion) d'un anticorps susceptible d'etre present dans un 
echantillon de ffutde biologique, selon laquelie 

(1) on fait reagir (edit echantillon avec un melange 
comprenant (a) des particules non-magnetiques 
sensibilisees par I'antigene specifique dudit anti- 
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corps, et (b) des particules magnetiques sensibili- 
sees par un produit fixant les anticorps [tel aue la 
proteine A, une autre substance fixant Ie fragment 
Fc des anticorps ou un anti(anticorps)], 

(2) on appiique un champ magnetique pour separer 
fes particules non-magnetiques qui n'ont pas ate 
agglutinins avec les particules magnetiques. et 

(3) on evalue la quantite de particules non-magne- 
tiques qui n'ont pas ete" agglutinees pour en deduire 
la quantite d'anticorps presente dans ledit Echan- 
tillon. 



[001 S] Oans cette demiere technique, les particules 
magnetiques sensibilisees par Ie produit fixant les anti- 
is corps interviennent comme un moyen amplificateur de 
" la reaction de i'antigene avec I'anticorps que Ton veut 
determiner. Cependant cette technique prdsente I'rn- 
convdnient de ne pas etre suffisamment sensible par 
rapport aux methodes EIA et RIA connues. 

20 

But de I'invention 

[001 6] Un des buts de I'invention est de proposer une 
nouvelie solution technique pour ie dosage, la determi- 

2S nation ou identification par agglutination a Techelle mi- 
croscopique, qui soit essentieltement plus rapide et sub- 
sidiairement plus sensible que les methodes anterieu- 
rement connues de dosage cfagglutination par turbidi- 
metrie. n6phe tome* trie ou champ magnetique. 
[0017] L'objectrf ideal, en ce qui conceme la sensibi- 
lity, serait cratteindre, par une technique d'agglutination 
ou par une technique homogene en un seui temps, ne 
necessitant pas ies lavages habituels des techniques 
EIA, Ie seuii (concentration minimale de la substance 

35 immunologique a doser se situant dans la gamme de 1 0 
ng/ml a 1 ng/ml) des techniques EIA ou RIA. 
[0018] Un autre but de {'invention est de patlier aux 
inconvenients precites des techniques de dosage de 
('agglutination par turbidimetrie, nepheiometrie ou 

& champ magnetique. 

[001 9] Selon ('invention est envisage e pour Ie dosage 
ou ("identification d'une substance immunologique [X], 
une nouvelie solution technique mettant en oeuvre des 
particules magnetiques et non-magnetiques qui sont (i) 

*5 ies unes sensibilisees par un anticorps [antiX] de ladite 
substance immunologique, et (ni) les autres sensibili- 
sees par ladite substance immunologique [X], un anti- 
corps [anti(antiX)] dudit anticorps (antiX) ou un anticorps 
identique ou different dudit anticorps [antiXJ. 

so 

Objet de I'invention 

[0020] Ces buts sont attaints grace a la nouvelie so- 
lution technique selon i'invention permettant de detecter 
55 la portion non agglutinee (avec un photometre de labo- 
ratoire relativement simple) d'un systeme comprenant 
un reactif immunologique constitue par des particules 
de latex magnetiques sensibilisees par un premier com- 
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NaCI. 1 mM MgCI 2 , 0.1 mM ZnCI 2 , 0.1% NaN 3 , 5% goat serum and 1% fish 
gelatin at pH 7.2. 

d Immunoassay protocol 
5 The Indicator reagent {140 ^1) was mixed with a series of samples (50 

III) containing known amounts of hCG in normal human serum. The mixtures 
were incubated for 10 minutes at 31-32°C. The anti-hCG antibody-PGA capture 
reagent (100 was added, and the reaction mixtures were incubated for 10 
minutes. An aliquot of each reaction mixture (200 was applied to the solid 
1 0 phase material, followed by a wash. An enzyme substrate (70 jjU; as described in 
Example 9) was added, and the resulting rate of fluorescence was measured. The 
results of the assay are shown in Table 16. The results demonstrate that as the 
hCG test sample concentration increased there was a corresponding Increase in the 
formation of capture reagent/analyte/indicator reagent complex, and therefore, 

1 5 the amount of detectable label associated with the solid phase increased. 

TABLE 16 
hCG Ion-capture Sandwich Assay 
Capture reagent: anti-hCG antibody-PGA 

2 0 indicator reagent: alkaline phosphatase-labeied anti-hCG antibody 



25 



Rate of fluorescence (counts/sec/sec) 
hCG-specific capture reagents 



HCQ mim hCG-ITC-PQA 

0 22 

8 38 

30 40 116 

100 236 

550 644 

200,000 2058 
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Example 14 

Ion-capture Flow-Through Device for a Two-Step hCG Assay 

a Preparation of the solid phase 
4 0 Test sample application pads (glass fiber matrix) were treated with 

various concentrations of an aqueous solution of Merquat-100® polymeric 
ammonium compound, 100 mM Tris, 100 mM sodium chloride, 0.1% fish 
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gelatin, 0,1% sucrose and 0.1% sodium azide. The application pads were allowed 
to dry, and the pads were overlaid upon a layer of absorbent material. 
Substantially the same procedure was used to prepare a flow-through solid phase 
device treated with Celquat* L-200 polymeric compound. Alternative devices 
5 were prepared by treating the application pad with Merquat-100® polymeric 
quaternary ammonium compound (a cationic homopolymer of 
dimethyldiallylammonium chloride, 0.5% in water) immediately before use. 

b. Preparation of the indicator reagent 
10 The indicator reagent was a conjugate of goat anti-p-hCG antibody and 

alkaline phosphatase, diluted in 1% Brip-35 polyoxyethylene (23) lauryl ether 
(Sigma), 100 mM Tris, 500 mM NaCl, 1 mM MgCfc, 0.1 mM ZnCla. 0.1% NaN3 
and 03% non-fat dry milk at pH 7.2. The indicator reagent was filtered through 
a 0.22 {im filter before use. 

1 5 In alternative indicator reagent preparations, dextran sulfate (MW 

5,000) or heparin was included as a nonspecific binding blocker. The blocker 
was used to enhance the signal-to-noise ratio by inhibiting the binding of the 
labeled antibody to non-anatyte. 

2 0 c. Preparation of the capture reagent 

A monoclonal anti-p-hCG antibody-PGA capture reagent was prepared 
substantially in accordance with the method described in Example 8.c. above. 
Every five milliliters of the coupling reaction mixture was fractionated on a gel 
filtration chromatography column (2.4 x 54 cm, at a 0.4 ml/minute flow rate). 

2 5 The elution buffer contained 0.1 M sodium phosphate, 0.3 M NaCl and 0.05% 

NaN3, at pH 8.5. The polymeric anion/antibody conjugate was diluted with 25 
mM Tris, 100 mM NaCl, 1 mM MgCI 2> 0.1 mM ZnCI 2 , 0.1% NaN 3 , 10% normal 
mouse serum and 1% fish gelatin at pH 7.2. The capture reagent was filtered 
through a 022 urn filter before use. 

30 

d Immunoassay protocol 

The capture reagent (80 was mixed with an equal volume of test 
sample containing a known amount of hCG in normal human serum. The mixture 
was incubated at approximately 31-32°C for approximately twelve minutes. The 

3 5 specific binding reaction resulted in the formation of a capture reagent/anaiyte 

complex. 
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Each reaction mixture (80 nJ) was then applied to a flow-through device, 
followed by a wash with Tris buffered saline (75 The indicator reagent (50 

was then applied to the solid phase device and incubated for twelve minutes. 
The device was then washed two times. 
5 An enzyme substrate (70 pi- 1.2 mM 4-methylumbelliferyl-phosphate in 

a solution of 100 mM AMP, 0.01% EDTA, 0.1% NaN 3f and 4.0 mM tetramisole at 
pH 10.3) was added, and the resulting rate of fluorescence was measured. The 
results of the assay are shown in Tables 17-19. The results demonstrated that as 
the hCG test sample concentration increased there was a corresponding increase in 

1 0 the formation of capture reagent/analyte/indicator reagent complex, and 

therefore, the amount of detectable label associated with the solid phase increased. 
The results show that the signal to noise ratio is improved by including a 
nonspecific binding blocker in the indicator reagent. Furthermore, the results 
demonstrated that the cationic homopolymer of dimethyldiallyiammonium chloride 
15 was a preferred polymeric cation for the preparation of the solid phase for use in 
two-step assays wherein the device is subjected to one or more washings, e.g., the 
Merquat-100® polymeric ammonium compound has a nitrogen content of about 
10% (exclusive of counter ton), whereas the Ceiquat® H-100 polymeric 
compound has a nitrogen content of about 1% (exclusive of counter ion). 

20 

TABLE 17 

hCG Ion-capture two-step Sandwich Assay 
Capture reagent: anti-p-hCG antibody-PGA (0.5 jig/test) 
Indicator reagent: alkaline phosphatase-labeled anti-p-hCG antibody 

2 5 (with and without nonspecific binding blocker) 

Solid phase: coated with a cationic homopolymer of dimethyldiallyiammonium 
chloride immediately before use 



3 0 Rate of fluorescence (counts/sec/sec) 

hCS (mlUrtnl) 2% dextran sulfate no blocker 

0 68 255 

35 100 1028 1104 
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TABLE 18 

hCG lon-capture two-step Sandwich Assay 
Capture reagent: antf-p-hCG antibody-PGA (0,5 jig/test) 
Indicator reagent: alkaline phosphatase-tabeled antl-p-hCG antibody (with 
5 blocker) 

Solid phase: with varying cationic polymer concentration 



Rate of fluorescence (counts/sec/sec) 
MarauaMOQ& pntymftric ammonium compound (%wM 



hCQ fmlU/ml) 


HJ1Z 


0.04 


JL2 


SLA 


0.6 


0 


34 


31 


26 


30 


39 


100 


514 


578 


627 


6fi1 


64V 



1 0 

TABLE 19 

hCG lon-capture two-step Sandwich Assay 
Capture reagent: anti-B-hCG antibody-PGA 
Indicator reagent: alkaline phosphatase-labeled anti-B-hCG antibody 
1 5 Solid phase: with 0.125% Celquat® H-100 polymeric compound 



Rate of fluorescence (counts/sec/sec) 
flimn tif V rapture antihoriv /iio/testY 

hcg rmiu/mh 0,268 

0 86 100 115 

100 186 202 259 
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Example 15 

lon-capture Row-Through Device for Thyroid Stimulating Hormone (TSH) Assay 



a Preparation of the solid phase 
25 An application pad (glass fiber matrix) was treated with an aqueous 

solution of Merquat-100® polymeric ammonium compound substantially in 
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accordance with the procedure described in Example 14.a. The pad was then 
overlaid upon a layer of absorbent material to complete the flow-through solid 
phase device. 

5 b. Preparation of the indicator reagent 

The indicator reagent was a conjugate of goat anti-p-hCG antibody and 
alkaline phosphatase, diluted in 1% Brij®-35 poiyoxyethylene (23) lauryi 
ether, 1% fish gelatin, 100 mM Tris, 500 mM NaCI, 1 mM MgCl2. 0.1 mM 
ZnCl2t 0.1% NaN3 and 0.5% non-fat dry milk at pH 7.2, The indicator reagent 
1 0 was filtered through a 0.22 \im filter before use. Dextran sulfate (0.5%, MW 
5,000) was added as a nonspecific binding blocker. 

c. Preparation of the capture reagent 

The capture reagent was prepared by coupling a Protein A purified 

1 5 monoclonal anti-TSH antibody with carboxymethyl amylose (CMA; Polysclences, 

inc., Warrington, PA). Coupling was performed using a water-soluble 
carbodiimide reagent (1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide; 
EDCI) substantially in accordance with the following procedure. 

The coupling mixture contained an antibody solution (2 ml; 1 mg/ml in 

2 0 MES buffer [25 mM, 2-(N-Morpholino)ethanesulfonic acid] pH 5.5) and CMA 

(1.6 ml; 10 mg/ml In MES buffer). To the solution was added, with stirring, a 
freshly prepared EDCI solution (40 100 mg/ml in MES buffer). The reaction 
mixture was stirred at room temperature for 40 minutes. The reaction was 
quenched by adding a 25 % glycine solution (67 ill), and the product was then 

2 5 fractionated by gel filtration chromatography using a TSKgel G4000SW column 

(2.15 cm x 30 cm) fitted with a TSKguard column SW (2.15 cm x 7.5 cm; Anspec 
Co., Ann Arbor, Michigan). The column was eluted with PBS (0.1 M sodium 
phosphate, 0.3 M NaCI and 0.05% sodium azide, at pH 6.8). The purified 
Antibody/CMA capture reagent was diluted in a diluent containing 50 mM Tris, 

3 0 300 mM NaCI, 1% bovine serum albumin, 2.5% fish gelatin and 0.1% NaN3, at 

pH 7.5. 

d Immunoassay protocol 

The capture reagent (30 jil) and Tris buffered saline (100 pJ; 500 mM 
3 5 Tris, 300 mM NaCI and 0.1% NaH3) were mixed with a test sample (50 

containing a known amount of hCG in normal human serum. The reaction mixture 
was incubated at approximately 33-34°C for approximately ten minutes. The 
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specific binding reaction resulted in the formation of a capture reagent/anaiyte 
complex. 

An aliquot of each reaction mixture (140 uJ) was applied to a solid phase 
device, followed by a wash with Tris buffered saline (150 uJ). The indicator 
5 reagent (70 pi) was applied to the device and incubated for approximately ten 
minutes. The device was then washed two times with buffer (100 ul each). The 
enzyme substrate (70 jtl; 1.2 mM 4-methylumbelliferyl-phosphate in a solution 
of 100 mM AMP, 0.01% EDTA, 0.1% NaN 3 , and 4.0 mM tetramisole at pH 10.3) 
was added, and the resulting rate of fluorescence was measured. 

1 0 The results of the assay are shown in Table 20. The results demonstrated 

that as the concentration of TSH in the test sample increased, there was a 
corresponding increase in the formation of capture reagent/analyte/indicator 
reagent complex. Therefore, the amount of detectable label associated with the 
solid phase increased as the concentration of anaiyte increased. The results also 

1 5 demonstrated that the combination of Merquat-100® polymeric ammonium 
compound with polyacryiic acid or with carboxymethylamylose provided a solid 
phase and capture reagents which were advantageously used in two-step assays 
wherein the device is subjected to one or more washings or manipulations. 

2 0 TABLE 20 

TSH Ion-capture Two-step Sandwich Assay 
(using polyaciylic acid or carboxymethylamyiose polyanions) 



Rptp nf fitiorascanftR fcounts/sec/sec) 

tsh fmiu/mn rarhowmptMYlamYlose polyacryiic acid 

0 7.1 6.4 

0.5 13.3 12.1 

2.0 34.7 28.7 

10.0 147.5 119-8 

40.0 513.9 442.6 

100.0 1121.6 995.5 
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e. TSH capturing efficiency 

Radioiodinated TSH was used in the assay protocol, as described in Example 
15. d, to demonstrate the more efficient TSH capturing of CMA-coupled antibodies 
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than that of polyaspartic- and polyglutamic-coupled antibodies. The coupling of 
antibodies to the polyanions was performed substantially in accordance with the 
method described above (Example 15.a) After the rate of fluorescence was 
measured at the end of the assay protocol, the radioactivity of TSH captured on the 
5 solid phase material was also measured by means of a scintillation spectrometer 
(Auto-Logic, Abbott Laboratories, North Chicago, IL). The results of this 
procedure are demonstrated in Table 20 (a). 

TABLE 20 (a) 

1 0 Capture of Radiolabeled TSH in the Cationic Solid Phase Material 

Polyanion-coupied ami- Rate of fluorescence 

TSH antibody %tsh captured (counts/sec/sec) 

Carboxymethylamylose 70 662 

Polyaspartic Acid 1.5 37 

Polyglutamic Acid 2.0 5 7 

15 

Example 16 

Ion-capture Flow-Through Device for a One-Step hCG Assay 

a Preparation of the solid phase 

2 0 A glass fiber matrix was treated with an aqueous solution of Merquat- 

100® polymeric ammonium compound substantially in accordance with the 
procedure described in Example 14. a, above. The pad was then overlaid upon a 
layer of absorbent material to complete the device, 

2 5 b. Preparation of the indicator reagent 

The indicator reagent was a goat anti-p-hCG antibody conjugated to 
alkaline phosphatase and diluted in 3.33% Bri}®*35 polyoxyethyiene (23) 
lauryl ether, 5 mM Tris, 1 mM MgCIa, 0.1 mM ZnCl2, 0.1% NaN 3 and 5% fish 

gelatin at pH 72. The indicator reagent was filtered through a 0.2 \ur\ filter 

3 0 before use. in alternative indicator reagent preparations, carboxymethyl 

cellulose (MW 250,000) or carboxymethyl dextran was included as a nonspecific 
binding blocker. 
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c. Preparation of the capture reagent 

A monoclonal anti-hCG antibody-PGA capture reagent was prepared 
substantially in accordance with the method described in Example 15. c, above. 
The polymeric anion/antibody conjugate was diluted with 3-33% Brij*-35 
5 poiyoxyethylene (23) lauryl ether, 5 mM Tris, 500 mM NaCI, 1 mM MgC^, 0.1 
mM ZnCl2, 0.1% NaN3, and 5% fish gelatin at pH 72. The enzyme substrate was 
1.2 mM 4-methylumbelliferyl-phosphate in a solution of 100 mM AMP, 0.01% 
EDTA, 0.1% NaN3, and 4.0 mM tetramisole at pH 10 J. 

1 0 d Immunoassay protocol 

The capture reagent (50 jil). indicator reagent (55 and sample 
diluent buffer (35 75% normal calf serum, 25% normal goat serum and 
02% NaN3, filtered through a 0.22 \xn\ filter before use) were mixed with a test 
sample (30 \i3) containing a known amount of hCG in normal human serum. The 

1 5 mixture was incubated at approximately 33-34°C for approximately fourteen 

minutes. The specific binding reaction resulted in the formation of a capture 
reagerrt/analyte/indicator reagent complex. 

An aliquot of each reaction mixture (110 (xl) was then applied to a solid 
phase device, followed by two washes with Tris buffered saline (75 jil). The 

2 0 enzyme substrate (65 nl) was added, and the resulting rate of fluorescence was 

measured. 

The results of the assay are shown in Table 20. The results demonstrated 
that as the hCG test sample concentration increased there was a corresponding 
increase in the formation of capture reagent/analyte/lndicator reagent complex, 
25 and therefore, the amount of detectable label associated with the solid phase 
increased. Furthermore, the results show that the signal to noise ratio was 
improved when a free polyanionic substance was included in the indicator reagent 
as a nonspecific binding blocker, even though the capture reagent was a polymeric 
anion/antibody conjugate. 



30 
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TABLE 21 
hCG Ion-capture Sandwich Assay 
Capture reagent: anti-hCG antlbody-PGA 
Indicator reagent: alkaline phosphatase-labeled anti-hCG antibody 



Rate of fluorescence (counts/sec/sec) 
% carboxvmethvl cellulose in indicator reagent 



nee mum) 


Q. 


0.01 


0.25 


JL5 


0 


37.2 


23.8 


17.2 


13.3 


1 0 


76.8 


58.4 


48.8 


42.1 


1000 


1803.6 


1665.4 


1692.2 


1507.2 




Rate of fluorescence (counts/sec/sec) 
% carboxvmethvl dextran in indicator reaoent 


hCQ MUM) 




0.01 


0.25 


0.5 


0 


35.6 


30.0 


17.8 


14.8 


10 


75.2 


68.4 


54.7 


49.8 


1000 


1826.6 


1851.2 , 


1739.5 


1646.6 



10 

Example 17 

Ion-Capture Teststrip for an hCG Sandwich Assay 

a Preparation of the solid phase 
15 A rectangular zone on a central portion of a strip of nitrocellulose (5 \ur\ 

pore size; Schleicher & Schuell; Dassel, Germany) was treated with an aqueous 
solution of 0.05% MerquaMOO® polymeric ammonium compound and 10 mM 
Tris to form a positively charged capture or detection zone. 

20 b. Preparation of the indicator reagent 

The indicator reagent was made of colloidal selenium particles coated with 
mouse monoclonal anti-hCG antibody. The indicator reagent was appropriately 
diluted (as determined by titer curve) in assay buffer containing 50 mM Tris, 
2% lactose, 2% casein, \% goat serum and 1% mouse serum at pH 8.4. 
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a Preparation of the capture reagent 

A goat anti-p-hCG antibody was coupled to poly-L-glutamic acid using 1- 
ethyI-3-{3-dimethylaminopropyl)-carbodimide substantially in accordance 
5 with the method described in Example 15. c above. The capture reagent was then 
appropriately diluted in the same diluent as the indicator reagent. 

d Immunoassay protocol 

The indicator reagent (50 jii) was mixed with an equal volume of capture 

1 0 reagent. The mixture was then combined with a series of samples (0, 50, 100 

and 250 mlU/ml; 150 each) containing known amounts of hCG in normal 
human urine. The resultant reaction mixtures were incubated for five minutes at 
room temperature. The specific binding reaction resulted in the formation of a 
capture reagent/analyte/indicator reagent complex. 
15 Each reaction mixture (250 |xl> was then applied to one end of the 

prepared strip of nitrocellulose. The mixture was allowed to migrate through the 
strip to the capture zone and through the zone. Capture reagent and complexes 
thereof were retained at the capture zone, wherein the Indicator reagent 
complexed with the retained capture reagent indicated the amount of analyte in the 

2 0 test sample as well as the the presence of analyte in the test sample. The 0 

mlU/ml test sample produced no coloration of the capture zone. The 50, 100 and 
250 miU/ml test samples produced visible coloration of the capture zone. 

25 Example 18 

Ion-Capture Teststrip Device for an hCG Assay 

a Preparation of the solid phase 

A rectangular zone on a central portion of a strip of nitrocellulose (5 jim 

3 0 pore size; Schleicher & Schuell) was treated with an aqueous solution of 1% 

Celquat® L-200 polymeric compound to form a positively charged capture zone. 
The cationlc polymer was dispensed using a #29 gauge tube (MICRO Inc., 
Elmhurst, NY) moving at a rate of 0.5 inches/second with a flow rate of 0.05 
milliliter/minute. 



35 
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b. Preparation of the Indicator reagent 

The indicator reagent was made of colloidal selenium particles coated with 
mouse monoclonal anti-hCG antibody. The indicator reagent was appropriately 
diluted (as determined by titer ourve) in assay buffer containing 50 mM Tris, 
5 2% lactose, 2% casein, 1% goat serum and 1% mouse serum at pH 8.4. 

c. Preparation of the capture reagent 

An anti-p-hCG antibody was coupled with poiy-glutamic acid substantially 
in accordance with the method described in Example 8.c, above. 

1 0 

d. Preparation of the assay device 

A reagent pad or test sample application pad was prepared by soaking a pad 
of absorbant material (40 jipore glass fiber material; Lydall Inc., Hamptonville, 
NC) with a mixture containing the capture reagent (20 jig/ml) and the indicator 

1 5 reagent (antibody concentration 0.024 mg/mL, selenium concentration 0.3 

mg/mL) in Tris buffered saline (0.1 M Tris, 0.9% NaCI. pH 7.8), 1.0% casein. 
The pad was then air dried. The teststrip device was then constructed by 
contacting the test sample application pad and nitrocellulose strip, and then double 
laminating the pad and nitrocellulose so that the application pad overlapped at 

2 0 least an end portion of the nitrocellulose strip offset from the capture zone. 

e. Immunoassay protocol 

A test sample containing a known amount of hCG in normal human urine 
(0, 50 and 250 mlU/ml; 50 fil each) was applied to the test sample application 

2 5 pad of the assay device, or the application pad was dipped into the test sample. The 

test sample, resolubilized assay reagents and complexes thereof migrated from the 
application pad to and through the nitrocellulose strip. Aftef five minutes, at 
room temperature, the specific binding reaction and the ion-capture reaction 
resulted in the formation of a capture reagent/analyte/indicator reagent complex 

3 0 which was Immobilized at the capture zone of the teststrip. Unbound indicator 

reagent and test sample components passed through the capture zone. The 0 
mlU/ml test sample produced no detectable signal at the capture zone. The 50 
mlU/ml test sample produced a faintly detectable visible signal at the capture 
zone. The 250 mlU/ml test sample produced a strongly detectable visible signal 
3 5 at the capture zone. The assay results also demonstrated that a homogeneous 

specific binding reaction could form a tertiary complex while reacting in a solid 
phase teststrip device. 
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Example 19 

Ion-Capture Teststrlp Device for a PhenytcycHdine (PCP) Assay 

5 

a. Preparation of the solid phase 

A rectangular zone on a central portion of an elongated strip of 
nitrocellulose (3 mm in width) was treated with an aqueous solution of 0.5% 
Merquat-100® polymeric ammonium compound to form a positively charged 
1 0 capture zone. 

b. Preparation of the indicator reagent 

The indicator reagent was made of colloidal selenium particles coated with 
PCP antibody- 

15 

c. Preparation of the capture reagent 

A PCP antigen was conjugated to poly-glutamic acid substantially in 
accordance with the method described in Example 10. a, above. 



2 0 d Preparation of the assay device 

An assay reagent pad (3 mm in width) or test sample application pad was 
prepared by soaking an absorbant material (Whatman PD075 glass fiber filter; 
Whatman Specialty Papers, Clifton, NJ) with the indicator reagent (2.5 mg/ml; 
4% casein, 4% sucrose, 1% polyethylene glycol [MW 15,000-25,000] in 0.01 
25 M Tris). The application pad was then air dried. The application pad and 

nitrocellulose where then assembled so that the reagent pad overlapped one end of 
the nitrocellulose by approximately one millimeter. 

e. Immunoassay protocol 

3 0 The capture reagent (15 m-0 and an equal volume of test sample, 

containing a known dilution of PCP in distilled water (1:10, 1:100, 1:1000, 
1:10000), were mixed. The mixture was applied to the test sample application 
pad. The mixture was allowed to migrate through the pad and strip for at least ten 
five minutes. The competitive binding reaction resulted in the formation of 
3 5 capture reagent/indicator reagent complex and indicator reagent/analyte 
complex, wherein the amount of capture reagent/indicator reagent complex 
decreased as the amount of anaiyte in the test sample increased. The 
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polyelectrolyte reaction resulted in the immobilization of the capture 
reagent/indicator reagent complex in the capture zone of the teststrip. Unbound 
indicator reagent and unreacted test sample components, as well as indicator 
reagent/analyte complex, passed through the capture zone. The assay results 
demonstrated that the higher the amount of PCP in the test sample, the lower the 
detectable signal at the capture zone. The assay results also demonstrated that a 
homogeneous specific binding reaction could take place in a solid phase teststrip 
device. 



Example 20 

Ion-Capture Flow-through Device for an hCG Assay 

a Preparatbn of the solid phase 

A glass fiber filter material was treated with an aqueous solution of 
0.125% Celquat® L-200 polymeric quaternary ammonium compound to form a 
positively charged capture zone. The glass fiber filter was then set upon a second 
layer of absorbent material which serves to pick up excess reagents and test 
sample which pass through the layer containing the charged detection zone. 

b. Preparation of the indicator reagent 

The indicator reagent was made of colloidal gold particles coated with 
affinity purified goat anti-p-hCG antibody. A solution containing gold chloride 
(100 mg) in distilled water (510 ml) was heated to boiling and mixed with 1% 
sodium citrate (8.0 ml). The heat was removed when the color of the solution 
changed from yellow to dark red (approximately three minutes). The solution 
was cooled to room temperature by flushing under tap water. A portion (10 ml) 
of the resultant gold colloid was titrated with 150 millimolar borate buffer (pH 
9.0) to pH 7.0. 

Fifty microliters of goat anti-0-hCG antibody (9 mg/ml) was added to the 
gold colloid and mixed at room temperature for one minute. The mixture was then 
treated with 10% bovine serum albumin (300 and centrlfuged at 14,000 
rpm for one minute. The bottom layer of the colloid/antibody mixture 
(approximately 320 jil) was recovered for use as the indicator reagent. 



WO 92/21770 



PCIYUS92/02980 



80 

c. Preparation of the capture reagent 

Purified monoclonal anti-hCG antibodies were modified with ITC-PGA 
substantially in accordance with the methods described in Examples 6 and 8, 
above. 

5 

dL Immunoassay protocol 

All reagents were appropriately diluted in an assay buffer containing 50 
mM Tris, 150 mM NaCI, pH 7.5 and 3% casein. A test sample (50 jii) containing 
a known amount of hCG in normal human urine (0, 25, 50. 100 and 250 

1 0 mlU/ml) was mixed with an equal volume of indicator reagent, and the mixture 
was incubated at room temperature for five minutes. Capture reagent (50 jii) 
was then added to the mixture. The resulting mixture was then transferred to the 
solid phase that had been pre-wetted with buffer (80 jil). The flow-through 
devices were then rinsed twice with buffer. A visible purple color was detected 

1 5 for those devices which received hCG-containing reaction mixtures, while the 0 
mfU/ml test sample produced no detectable signal at the capture zone. The 
darkness of the signal at the capture zone increased with the increase of hCG 
concentration. 



20 

Example 21 
Competitive Digoxin Assay Using Ion-Capture 

a Preparation of the solid phase 

25 Test sample application pads (glass fiber matrix) were overcoated with 

various concentrations of an aqueous solution of Merquat-100® polymeric 
ammonium compound, 100 mM Tris, 100 mM sodium chloride, 0.1% fish 
gelatin, 0.1% sucrose and 0.1% sodium azide. The application pads were allowed 
to dry and were then overlaid upon a layer of absorbent material to prepare flow- 

3 0 through devices. 

b. Preparation of the indicator reagent 

The indicator reagent was a conjugate of digoxin dialdehyde and alkaline 
phosphatase, diluted in 50 mM Tris, 100 mM NaCI, 1 mM MgCI 2 . 0.1 mM ZnC^, 
3 5 0.1% NaN3 and 0.1% bovine serum albumin at pH 7.5. 
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c. Preparation of the capture reagent 

The first capture reagent, a goat anti-dlgoxfn antibody coupled to 1 ,4- 
phenyiene diisothiocyanate activated poly-L-aspartic acid (ITC-PAA), was 
prepared substantially in accordance with the method described in Example 8.c. 
5 above. Poly-L-aspartic acid was used in place of poly-L-glutamic acid. 

A second capture reagent was made of rabbit anti-goat IgQ antibody coupled 
to poly-L-aspartic acid using EDCI substantially in accordance with the coupling 
protocol described in Example 15- c, above. An analyte-specific ancillary binding 
member (goat antWigoxin antibody) was used together with this capture reagent 

1 0 to bind the analyte to the solid phase. In one embodiment, the capture reagent was 

a preformed complex of the negatively charged anti-goat antibody and the goat 
anti-digoxin antibody. Both the first and second capture reagents were 
appropriately diluted before use with 50 mM Tris, 50 mM NaCI, 0.1% NaN 3 and 
0.1% bovine serum albumin at pH 7.5 

15 

d. Immunoassay protocol 

In assays using the first capture reagent, or direct capture system, the 
capture reagent (60 fxl) was mixed with test sample (18 *il) containing a known 
amount of digoxin. The reaction mixture was incubated at approximately 33- 

2 0 34°C for about ten minutes. The specific binding reaction resulted in the 

formation of a capture reagent/analyte complex. The indicator reagent (60 
was then added to the reaction mixture, and the mixture was incubated for about 
another eleven minutes. The specific binding reaction resulted in the formation of 
capture reagent/indicator reagent complex in proportion to the amount of analyte 

2 5 present in the test sample. A portion of each reaction mixture (80 nl) was then 

applied to the solid phase, followed by two washes with Tris buffered saline (75 
lit). An enzyme substrate (70 pJ; 1.2 mM 4-methylumbelliferyl-phosphate in a 
solution of 100 mM AMP, 0.01% EDTA, 0.1% NaN3» and 4.0 mM tetramisole at 

pH 10.3) was added, and the resulting rate of fluorescence was measured. 

3 0 In an indirect assay using the second capture reagent, the preformed 

oapture reagent/ancillary binding member complex (50 pJ) r indicator reagent 
(55 pJ) and digoxin test sample (25 nl) were combined with sample diluent 
buffer (91 nl). The mixture was incubated for approximately nine minutes. The 
specific binding reaction resulted in the formation of capture reagent/ancillary 
3 5 binding member/analyte complex and capture reagent/ancillary binding 

member/indicator reagent complex in proportion to the amount of analyte present 
in the test sample. An aliquot of the reaction mixture (180 was then applied 
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to the solid phase, followed by two washes with Tris buffered saline (75 uJ). The 
enzyme substrate (70 uJ) was added, and the resulting rate of fluorescence was 
measured. 

The results of the assay are shown in Table 22. The results demonstrated 
that as the digoxin test sample concentration increased there was a corresponding 
decrease in the formation of complex containing indicator reagent. Therefore, the 
amount of detectable label associated with the solid phase decreased with the 
increase of digoxin in the test sample. 



1 0 



TABLE 22 
Digoxin Ion-capture Competitive Assay 



Protocol: 

Precoated Solid Phase: 

Concentration of 
Antibody/Test: 

Indicator Reagent: 



pipnYin fno/mn 
0 

0.5 
1 
2 
3 
5 



Semi-sequential One-Step 
0.2% Merquat-100® 



One-Step 
0.2% Merquat-100® 



162 ng Goat anti-Digoxin 90 ng Rabbit anti-Goat/ 64 ng 

Goat anti-Digoxin 

Alkaline Phosphatase/Digoxin Alkaline Phosphatase/Digoxin 
Conjugate Conjugate 

Direct Indirect 

Ratp nf ftuofftscftnt-ift (rtonnts/sec/sec) 



680 
546 
413 
303 
261 
183 



456 
387 
309 
247 
179 
121 



15 



Example 22 

Ion-capture Row-Through Device for a Total T3 (Triiodothyronine) Competitive 



20 



a Preparation of the solid phase 

Test sample application pads (glass fiber matrix) were treated with 
various concentrations of an aqueous solution of Ceiquat® L-200 polymeric 
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quaternary ammonium compound or MerquaMOO® polymeric ammonium 
compound, 100 mM Tris. 100 mM sodium chloride, 0.1% fish gelatin, 0.1% 
sucrose and 0.1% sodium azide. The application pads were allowed to dry, and the 
pads were overlaid upon a layer of absorbent material to form the individual assay 
5 devices. 

b. Preparation of the indicator reagent 

The Indicator reagent was a conjugate of T3 and alkaline phosphatase, 
diluted in 50 mM Tris, 100 mM NaCI, 1.0 mM MgCfc, 0.1 mM ZnCfc and 1.0% 
1 0 bovine serum albumin at pH 7.5. Dextran sulfate <MW 5,000) was included as a 
nonspecific binding blocker. The blocker was used to enhance the slgnal-to-noise 
ratio by inhibiting the binding of the labeled antibody to non-analyte. 

c. Preparation of the capture reagent 

1 5 The capture reagent, an anti-T3 antibody coupled to polyaspartic acid 

(PAA-anti-T3 antibody), polyacrylic acid (PAcA-anti-T3 antibody) or 
carboxymethyl cellulose (CMA-antl-T3 antibody) anionic polymer molecules, 
was prepared substantially in accordance with the method described in the 
Example 15. c EDCI coupling method, with the exception that no chromatographic 

2 0 filtration of the capture reagent was performed. The capture reagent was diluted 

with 800 mM Tris, 50 mM NaCI, 0.1% NaN 3 , 0.01% furosemide, 0.1% Tween- 
20,1.0% bovine serum albumin and 0.08 mg/ml goat IgG at pH 7.4. 

d. Immunoassay protocol 

2 5 The capture reagent (50 jjJ) was mixed with an equal volume of test 

sample, containing a known amount of Total T3 f and sample diluent buffer (150 
fil). The reaction mixture was incubated for approximately 15 minutes. The 
specific binding reaction resulted in the formation of a capture reagent/analyte 
complex. 

3 0 Each reaction mixture (150 pi) was then applied to a solid phase. The 

indicator reagent (60 pi) was then applied to the solid phase and incubated for 
eight minutes. The device was then washed two times. An enzyme substrate (50 
Vd) was added, and the resulting rate of fluorescence was measured. 

In an alternative assay format, the solid phase was also washed prior to the 
3 5 addition of the indicator reagent. In yet another assay format, the capture reagent 
and test sample were combined and incubated, followed by the addition of indicator 
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reagent and further Incubation prior to placing an aliquot of the reaction mixture 

on the solid phase. 

The polyelectrolyte Interaction of the capture reagent and the oppositely 
charged solid phase resulted in the Immobilization of capture reagent and capture 
reagent complexes on the solid phase devices. An enzyme substrate {70 pi; 1 2. 
mM 4-methylumbelliferyl-phosphate in a solution of 100 mM AMP, 0.01% 
EDTA, 0.1% NaNa. and 4.0 mM tetramisole at pH 10 J) was added, and the 
resulting rate of fluorescence was measured. 

In each assay, the results demonstrated that as the Total T3 test sample 
concentration increased there was a corresponding increase in the formation of 
capture reagent/analyte complex, and therefore, the amount of detectable label 
associated with the solid phase decreased. Furthermore, the results show that the 
signal to noise ratio is improved by including a nonspecific binding blocker, 
dextran sulfate, in the indicator reagent. 

TABLE 23 
Total T3 Competitive Assay 
Calibration data comparing one-step and two-step assay protocols 



20 
Protocol: 

Precoated Solid Phase: 

Capture Antibody: 
(per test) 

Indicator Reagent: 

Calibrators concentration 
n ? /ml total T3 



One-step 

0.5% Celquat® .. 

ITC-PGA anti-T3 antibody 
(0.25 ug) 

no blocker 



Two-step 

0.2% Merquat-100® 

EDAC-PAA anti-T3 
antibody (0.02 ug) 

with 0.1% dextran sulfate 



Rata of fluoro <ranre fcounts/sec/sec) 



0 

0.5 
1.0 
2.0 
4.0 
8.0 



518 
386 
310 
218 
123 
71 



616 
513 
403 
260 
1 09 
48 
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TABLE 24 
Total T3 Competitive Two-Step Assay 
comparison of indicator reagents with and without a nonspecific binding blocker 



Precoated Solid Phase: 

Capture Antibody: 
(per test) 

Indicator Reagent: 
T3 alkaline phosphatase 
dilution: 



0.2% Merquat-100® 0.2% Merquat-100® 



EDAC-PAA anti-T3 
antibody (0.02 ug) 

no blocker 

1:400 



EDAC-PAA anti-T3 
antibody (0.02 u.g) 

with 0.1% dextran sulfate 

1:150 



Calibrators concentration 
ng/ml total T3 



Rate of fluorescence immmwfm) 



o 

2.0 
8.0 



641 
361 
81 



536 
220 
39 



1 0 



TABLE 25 
Total T3 Competitive Assay 
Calibration data comparing different T3 capture reagents 



Capture Antibody: 
(per test) 



Calibrators 
concentration 
na/ml total T3 



PAA-antl-T3 
antibody (0.013 

u-g) 



PAcA-anti-T3 
antibody (0.015 
M-0) 



CMA-anti-T3 
antibody (0.013 
u-g) 



Rate of fluorescence /counts/sec/seel 



0 

0.5 
1.0 
2.0 
4.0 
8.0 



509 
401 
332 
203 
94 
47 



544 
443 
344 
219 
107 
57 



507 
394 
322 
204 
99 
51 



15 
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Example 23 

HlV-1 Anti-p24 antibody Detection Using an Ion-Capture Sandwich Assay 

The solid phase devices were prepared by overcoating glass fiber matrixes 
5 with a polycationic substance and overlaying the matrixes upon an absorbent 
material. The capture reagent, was prepared by the covalent coupling of a 
polyanionic substance to purified recombinant p24 antigen. The indicator reagent 
was a conjugate of alkaline phosphatase and anti-bfotin antibody which bound to 
the anaiyte antfoody by means of an anaiyte-specific ancillary specific binding 

1 0 member, i.e., btotinylated p24 antigen. The enzyme substrate was 4- 

methyiumbelllferyl-phosphate. 

The capture reagent was reacted with the test sample to form a capture 
reagent/analyte complex. Excess reagent and test sample components were 
removed and the complex was immobilized by passage through the oppositely 
1 5 charged Solid phase. The amount of captured anaiyte was then determined by the 
sequential addition of the ancillary specific binding member, indicator reagent and 
enzyme substrate. 

2 o Example 24 

Ion-Capture Device with Procedural Control 

In an alternative embodiment, the solid phase reaction matrix of Example 
17 was prepared such that two assay reagents were incorporated into the matrix 
25 in an overlapping design to form the detection zone. The reaction of one reagent 
completed one portion of a detectable pattern, and the reaction of a second reagent 
completed another portion of the detectable pattern. 

For example, the anionic polymer (such as polyglutamic acid) was applied 
to the solid phase to form the vertical bar of a "cross" shaped design. The anionic 

3 0 polymer attracted and attached to the oppositely charged capture reagent 

comprising an anaiyte-specific binding member conjugated to a polymeric cation. 
The reaction of the capture reagent, anaiyte and an indicator reagent specific for 
the anaiyte resulted in a detectable complex being immobilized at the vertical bar. 
A procedural control reaction zone, which did not involve an anaiyte 
3 5 reaction, was formed in the shape of the horizontal bar of the cross-shaped 
detection zone. A reagent which reacted with and immobilized the indicator 
reagent without the formation of an analyte-containing complex was used. 
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For example, when the indicator reagent was made of colloidal gold 
particles coated with affinity purified goat anti-p-hCG antibody, then the 
horizontal bar of the cross-shaped detection zone included a specific binding 
member which would directly bind to the goat antl-p-hCG antibody, e.g„ a rabbit 
5 anti-goat antibody. Thus, detectable label was Immobilized in the horizontal bar 
whether or not there was analyte present in the test sample. 



It will be appreciated by one skilled-ln-the-art that the concepts of the 
1 0 present invention are equally applicable to any separation techniques or 

homogeneous binding assays (wherein the signal generating ability of the label is 
not altered during the binding reaction) by using oppositely charged solid phase 
materials and capture reagents. The embodiments described in detail herein are 
intended as examples rather than as limitations of the polyelectrolyte reactions 
1 5 and assays. Thus, the description of the invention is not intended to limit the 

invention to the particular embodiments described, but it is intended to encompass 
all equivalents and subject matter within the spirit and scope of the invention as 
described above and as set forth in the following claims. 
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CLAIMS 

What is claimed is: 

5 1. A method for determining the presence or amount of an analyte in a test 
sample, comprising the steps of: 
a) providing 

( i ) a capture reagent, comprising a first binding member conjugated to a 

polymeric anion substance, 
10 ( I i ) an indicator reagent, comprising a second binding member and a 

detectable label, and 
(IH) a solid phase material containing a reaction site comprising a 

polymeric cation substance having a nitrogen content of at least about 

two percent; 

1 5 wherein said first and second specific binding members are selected 

from binding members capable of forming a complex with the analyte in a 
sandwich assay, a competitive assay or an indirect assay, and thereby forming 
a detectable complex In proportion to the presence or amount of the analyte in 
the test sample; 

2 0 b ) contacting said solid phase with said capture reagent and the test 

sample, whereby said polymeric cation of said solid phase attracts and attaches 
to said polymeric anion of said capture reagent, thereby immobilizing said 
capture reagent and complexes thereof; 

c) contacting said solid phase with said indicator reagent, whereby said 

2 5 indicator reagent becomes bound to said immobilized capture reagent or 

complex thereof in proportion to the amount of analyte present in the test 
sample; and 

d) detecting said indicator reagent associated with said solid phase to 
determine the presence or amount of the analyte In the test sample. 

30 

2. The method according to Claim 1 . wherein said polymeric cation 
substance is a polymeric quaternary ammonium compound having a nitrogen 
content of at least about two percent. 

3 5 3. The method according to Claim 1 , wherein said polymeric cation 

substance has a nitrogen content of at least about five percent. 



89 

4. The method according to Claim 1, wherein said polymeric cation 
substance has a nitrogen content of at least about ten percent 

5. The method according to Claim 1, wherein said polymeric cation 
substance is incorporated In or on said solid phase immediately before 
performance of the assay process. 

6. The method according to Claim 1, further comprising the step of 
combining the test sample and said capture reagent to form a reaction 
mixture, wherein said reaction mixture is contacted to said solid phase. 

7. The method according to Claim 1, further comprising the addition of an 
ancillary specific binding member, wherein said ancillary specific binding 
member is capable of binding the analyte and is capable of binding a member 
selected from the group consisting of said indicator reagent or said capture 
reagent in an indirect assay. 

8. A method for determining the presence or amount of an analyte in a test 
sample, comprising the steps of: 

a) providing 

(I) a capture reagent comprising a first binding member conjugated to a 

polymeric anion substance, 
( i i ) an indicator reagent, comprising a second binding member and a 

detectable label, 

(tii) a non-specific binding, blocker comprising an unbound polymeric 

anion material, and 
( i v) a solid phase material containing a reaction site comprising a 

polymeric cation substance having a nitrogen content of at least about 

two percent; 

wherein said non-specific binding blocker inhibits the non-specific 
binding of reagents to said solid phase, and wherein said first and second 
specific binding members are selected from binding members capable of 
forming a complex with the analyte in a sandwich assay, a competitive assay 
or an indirect assay, and thereby forming a detectable complex in proportion 
to the presence or amount of the analyte in the test sample; 

b ) contacting said solid phase with said capture reagent and the test 
sample, whereby said polymeric cation of said solid phase attracts and attaches 
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to said polymeric anion of said capture reagent, thereby immobilizing said 
capture reagent and complexes thereof; 

c ) washing said solid phase; 

d) contacting said solid phase with said indicator reagent, whereby said 
5 indicator reagent becomes bound to said immobilized capture reagent or 

complex thereof In proportion to the amount of analyte present in the test 
sample; and 

e) detecting said indicator reagent associated with said solid phase to ' 
determine the presence or amount of the anaiyte in the test sample. 

10 

9. The method according to Claim 8, further comprising the step of 
combining the test sample and said capture reagent to form a reaction 
mixture, wherein said reaction mixture is contacted to said solid phase. 

15 1 0. The method according to Claim 8, further comprising the addition of an 
ancillary specific binding member, wherein said ancillary specific binding 
member is capable of binding the anaiyte and is capable of binding a member 
selected from the group consisting of said indicator reagent or said capture 
reagent in an indirect assay. 
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